The discovery that this constituent of the atmosphere is an important dynamic factor among geological agencies has led us to investigate the eighteen potential atmospheres of carbon dioxide in the ocean. This at once leads us to a consideration of the chemistry of the ocean, and here we find that the indefiniteness of our notions upon this subject is not so much due to lack of data, for that has been collected by individuals and by well equipped expeditions, as to erroneous conceptions of the relations and reactions that obtain between the several constituents of a mixed solution. Important investigations involving large outlays of time and money have been rendered nearly valueless, because they were based upon assumptions which were accepted without proof, and which are now known to be false. The importance of the first principles which govern solution and precipitation in such a solvent as water (and which have but recently been formulated) justify a review of some of them as an aid to the interpretation of the reactions taking place in that great laboratory the ocean. ' Mass action.2-It will be remembered that Berthollet in 1803 was the first to conceive of chemical reactions as governed by equilibrium, dependent both on the mass and the affinity of the constituents.
The value of his discovery was not realized because he unfortunately Dissociation.--From the study of electrolysis2 of salts, Clausius was compelled to assume that at least a small portion of the salt was dissociated into its positive and negative ions, Na Cl, for + - instance, into the positive ion (Na) and the negative ion (Cl). Arrhenius3 found that the osmotic pressure of a dilute solution of a salt in water, is that which it should have if a large proportion of the molecules of the salt are split into two smaller molecules (Na Cl for instance, into Na and Cl) and also that this change in osmotic pressure is a function of the electric conductivity. He was therefore compelled to conclude that practically all of the salt may be dissociated in very dilute solutions, but, in more concentrated solutions the proportion dissociated becomes smaller. It then became evident that this action is reversible and is expressed + -Na-Cl NaCl.
1 A simple illustration of a reversible reaction is the evaporation of water in an enclosed dish. Particles of water leave the liquid to form the superincumbent layer of water gas. As soon as any of the gas is formed it in turn gives back water particles to the liquid. Equilibrium is established and there is apparently no farther evaporation when the number of particles given off by the liquid equals the number of particles returned by the gas. Salts, strong acids and bases (hydrochloric acid, sodic hydrate, etc.) are the substances most dissociated, while the weaker acids and bases (acetic acid, ferric or ammonium hydrate, etc.) are dissociated to a less degree, i. e., the constant K is smaller.
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It follows directly from equation (2) that is solution takes place. Now, if we mix solutions of two or more salts, besides the undissociated salts which were present in the separate solutions in equilibrium with their respective dissociated ions, we will have in the mixture also the salts that can be formed by the union of the positive ion of each salt with the negative ion of each of the other salts. From the foregoing the following propositions are derived: Proposition i.-Mixed solutions of two or more salts will contain all the salts that can be made by the combination of the ions of the original salts together with the free ions. Proposition 2.-Of all these salts that one will be precipitated first whose product of ionic concentration first exceeds its constant of solubility or ion product.
If a salt be added to a mixture of salts in solution, there is added not only the salt itself but its ions also. If one of the 590 CARBON DIOXIDE OF THE OCEAN salts of the original mixture have an ion in common with the new salt (as for instance Cl in Na Cl and KC1), then the product of the ionic concentration of each salt is increased. Now if, before mixing, this product for either salt nearly equaled its constant of solubility, the increase may be enough to bring about precipitation.
If, for instance, to a solution of lead chloride, which is not altogether insoluble in water, is added a sufficiency of K Cl, this addition causes a precipitate of lead chloride, since the addition of the Cl ions of the potassium chloride causes the product Pb x C12 to be larger than K where Pb = concentration of lead ions, and Cl = concentration of chlorine ions.
If, however, the salt added has no ion in common with ions of the other salts, it will take away from the ions of all the salts to form some of all the undissociated salts that result from the combination of the two new ions with all the ions of the original salts, therefore the product of ionic concentration for all the salts is decreased, or, in other words, the solubilities of all the salts are increased. Hence, solution to form some undissociated acid and base (Na Cl + HOH---NaOH + H Cl). But since there is such a very small amount of free dissociated ions of water and the dissociation constants of sodic and hydrochloric acid are large, this action is very slight. However, the salts of the weakest acids and bases are affected more by the same amount of dissociated water than those of the stronger ones, because, as shown by equation (2), K is smaller, therefore a larger amount of the undissociated acid, or base, exists in proportion to the ions.
Water when heated becomes more dissociated, and therefore a stronger acid, and this fact is sometimes made use of in the analytical laboratory, and is an important factor determining the composition of minerals deposited from hot solutions.
Solutions of gases in pure water.-If a gas dissolves in a substance with which it is perfectly neutral, that is, if no chemical reaction takes place between the gas and the solvent, then the amount of the gas dissolved in the liquid at a given temperature varies directly with the gaseous pressure, or partial pressure, if there be more than one gas. Now, if any gas were absolutely neutral to the solvent, and if on solution its molecule suffered no change in constitution, we should get the same amount of heat absorbed or given off in the solution that would be absorbed or radiated by the same amount of gas brought to the density of the dissolved gas.
But upon solution in water it is found that some gases suffer a larger heat change than can be explained by any mere physical change in volume, while others have the same or nearly the same change in temperature, as that calculated upon the assumption of simple physical absorption. It has been shown that the gases with this large heat change upon solution undergo besides physical diffusion, a chemical change, more or less extensive. Therefore, gases may be arranged in two classes. The first class is composed of those gases which have but a slight reaction with water, and are sparingly soluble in that menstruum, and the other, of those which have large coefficients of solubility and which react with water to form definite compounds.
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Of the former, those found in the ocean are nitrogen, oxygen, argon, etc., and of the latter, none are found in appreciable quantities, but we may take ammonia as a good example. This last unites with water to form NH40H which compound is known to exist as such. ' The behavior of carbon dioxide towards water places it between these two classes. It unites with water to form H2CO. This acid has never been separated as such, but doubtless exists.2 This action does not give such a large coefficient of solubility as is characteristic of the gases of the second class.
The solution, then, of oxygen, hydrogen and argon, etc., is simple diffusion due to the attraction between the molecules of the solvent and those of the gas, while the solution of COs in pure water includes (1) a diffusion of the gas molecules between water molecules and (2) If, however, there is a chemical reaction between the gas and the salt, the solubility is increased by so much. Oxygen, nitrogen, and argon do not react with the salts of the ocean, but CO2 does.
The carbonic acid dissociates into its ions, and these ions react with the ions of the salts to form small quantities of undissociated compounds. This reaction has an appreciable effect only where the original salt is formed from weak acids and bases.
From Mr. Setchenow's tables' for Na Cl solution of the strength of the sea water we gather that this increase for CO2 would not be over 20 per cent. of that dissolved by pure water (.3" per liter, a quantity wholly negligible).
The ocean salts.2-The average temperature of the surface of the ocean is about I5° C.
The proportion of the different salts in the ocean, Professor Dittmar finds to be wonderfully constant for all parts of the sea water. He gives the following analysis for the salt: While the average constitution of the salts remains a constant, the salinity of the ocean is variable. Averaging 327 analyses, it is found that the average amount of salt is 34.7 grams per kilogram sea water, or taking the average specific gravity of the ocean as 1.026, about 35.6 grams per liter.
Applying this to the second table, we find that the total number of grams of the different ions per liter is as follows: .
--------.99
Under N is the strength of the solution where the normal solution is taken as unity.
From the above table and the one on p. 597 we conclude that somewhere about 8o per cent. of the sodium chloride is dissociated into its ions. We cannot judge so well about the sodium sulphate or magnesium chloride, but they also have some considerable amount of molecular salt, possibly more than of the sodium chloride. The potassium chloride is somewhere around go per cent. dissociated, and the potassium bromide, the last of the series, is practically completely dissociated.
The ocean gases. which is less than shown by the figures given on page 594 for the absortion of pure water. We find on comparing these figures with the average of the gases as found in the Challenger analyses that the amount of the nitrogen and argon is near the amount calculated for the temperature of the water at the time it was collected, as we might expect in view of the mixing, etc., it undergoes. The oxygen, however, is always low, as it is used up in the oxidation of the organic matter in the ocean. It is almost up to the calculated amount in the surface water but a very large deficit in the deeper water. We may suppose, then, that the above figure for nitrogen and argon is approximately correct, but that the oxygen figure is considerably too high. It is evident that we have a very different case to deal with in the solution of the CO2 in the ocean. We have already found three ways in which the gas is held in solution.
(r) Simple physical absorption; (2) united with the water to form (H2O CO3); We have seen that the H2CO3 is directly in equilibrium with the CO2 in the air; therefore at a given temperature, the degree of dissociation depends upon the partial pressure of the CO2 in air. With variations of temperature, the colder the water, the larger is the portion of bicarbonate present, and therefore, the larger is the proportion of carbon dioxide in the ocean to that in the air. a sample of sea water, that had an excess of CO, and found that CO. was given off, and that the ratio of the two equivalents was 100oo:84 at 13' C., exactly the same, it happens, as we found from averaging Buchanan's analysis. Therefore we may consider it as certain that the largest part of free CO. in the 605 ocean is held as the second equivalent of bicarbonate, and that this is held in equilibrium with the gas in the air.
We know then from the above that the dissociation of the bicarbonate is a function of the temperature, and also of the partial pressure of the superincumbent CO,. The solubility of CO, as a gas not attached to form bicarbonate, is also a function of temperature and pressure, but that these functions are not the same, may be seen from an inspection of the other hand, the effect of any postulated fall in temperature, causing the bicarbonates to take up CO2, is the greatest at the temperature just above oo, and becomes less for higher temperatures. So that a fall in temperature of the colder waters of the ocean is correlated with the greatest absorption of CO2, and without the counteracting effect of decreasing partial pressure. In equatorial waters, however, the fall in temperature does not 607 produce so great an increase in the absorption of the CO,, and the effect of decreasing tension of atmospheric CO, approaches a maximum.
These facts, therefore, naturally divide the discussion into three parts. Under Professor Arrhenius' postulates as to change in temperature and pressure, we shall discuss the relative effect of these two opposing factors in the temperate waters whose temperature is the average surface temperature of the ocean, The falling temperature which causes the glacial period must affect the temperature of the surface of the equatorial water, especially after an ice advance is inaugurated, but how much we cannot estimate. Taking the average surface temperature of these waters as 21Q, and postulating the same fall of temperature as for the temperate waters, we see that the line a' b' repsenting the decreasing dissociation due to the falling temperature, is much shorter than the line c' d' or c' e', representing the increase in the dissociation caused by the decreasing partial pressure of CO2. However, the data upon which this part of the curve is based are much more conflicting and less satisfactory than those represented by the curve at IO°. But we may conclude that in the equatorial region the diminishing partial pressure has a greater effect than the postulated fall of temperature. But, with the increasing cold, the heated areas which can give off carbonic acid to the air are greatly diminished, especially after the glaciation has commenced, and this acts directly counter to the diminishing partial pressure.
In the northern seas whose surface temperature is near zero, each molecule of carbonate has the power to take up carbonic acid until it becomes a fully saturated bicarbonate. Just how much increase this area will undergo on an approach of a glacial period we cannot well estimate, but perhaps we can get a fair idea of it by comparing the area of the ocean contained within the circle of latitude which bounds the northernmost point of Greenland glaciation with that contained within the circle bounding the southern limit of Pleistocene glaciation. The ratio between these two areas is 2: 5. These figures may not even approximately represent the real increase of the cold waters during glacial times, but they emphasize the fact of an actual and great increase in the amount of these waters.
The (viz. those with temperature of 2°-3° C.) will advance southward at least as far as the southernmost limit of the ice-sheet. Therefore, we have started the line a b at 60° N. and S. latitude (the latitude of the southern Greenland glaciation) and the line e h at 37° (the latitude of the southernmost Pleistocene glaciation in North America).
With this postulated southern advance of the cold waters, there must also have been a rise of these cold waters toward the surface. The amount of this rise is undeterminable at present. But since we have used Dr. Arrhenius' estimate of a drop of 5° in the temperature of the surface waters, we may assume the same fall of temperature for the body of the ocean. A given fall in temperature of the surface water must 
